Dual-process models of attention-deficit/hyperactivity disorder (ADHD) suggest that both executive functioning and regulatory functions (e.g., processing speed) are involved and that executive function weaknesses may be associated specifically with symptoms of inattention-disorganization but not hyperactivity-impulsivity. Adults aged 18 -37 (105 with ADHD, 90 controls) completed a neuropsychological battery. The ADHD group had weaker performance than did the control group ( p Ͻ .01) on both executive and speed measures. Symptoms of inattention-disorganization were uniquely related to executive functioning with hyperactivity-impulsivity controlled. Inattention was associated with slower response speed, and hyperactivity-impulsivity with faster output speed. Results were not accounted for by IQ, age, gender, education level, or comorbid disorders. Findings are discussed in terms of developmental and dual-process models of ADHD leading into adulthood.
As a group, children with attention-deficit/ hyperactivity disorder (ADHD) have established and replicated weaknesses in neuropsychological executive functioning (EF), defined broadly as the ability to regulate behavior to context and maintain a response set (Barkley, 1997; Nigg, 2001; Pennington & Ozonoff, 1996) . Discussion continues about whether executive deficits may represent a proximal causal deficit in the disorder (Barkley, 1997; Nigg, 2001; Sergeant et al., 1999) . At the same time, the expression of ADHD in adults has become a central focus of investigation and controversy (Faraone et al., 2000; Sachdev, 1999) , particularly now that longitudinal data have established that a substantial percentage of children with ADHD continue to show persistent problems into adulthood, including notable impairment in occupational and social functioning (Barkley, 2002; Faraone et al., 2000; Murphy & Barkley, 1996) .
Whether EF deficits are detected in adults with persistent and impairing ADHD symptoms is critical to theories concerning the role of executive functioning in the disorder and how executive deficits may relate to the course of the disorder over development. Physical and neurological development, including myelination of the frontal cortices, is relatively complete by young adulthood (Benes, 2001) . Developmental theories suggest that frontally mediated operations, such as those described in most models of executive functioning, continue to become more efficient during this period. ADHD symptoms either decrease or take somewhat modified forms of expression with maturation into early adulthood between the ages of 18 and 30 years (Faraone et al., 2000) . A key question is whether executive neurocognitive deficits occur in ADHD during early adulthood, consistent with the continued centrality of EF to the disorder, or whether they may normalize even as impairment continues, suggesting EF is a secondary feature only.
Accordingly, several studies have examined neuropsychological executive dysfunction in adults with ADHD (Corbett & Stanczak, 1999; Lovejoy et al., 1999; Weyandt et al., 1995) . Unfortunately, results have been rather mixed. Although several studies have found some type of EF weakness in adults with ADHD on tasks assessing set shifting (Gansler et al., 1998) , focused attention (Sandson et al., 2000) , and response inhibition-including the antisaccade (Nigg et al., 2001 ) and stopping tasks (Aron et al., 2003) -several studies failed to find executive deficits Seidman et al., 1998; Weyandt et al., 1995) , although Seidman et al. (1998) found deficits on some measures that require intact executive control. In one of the largest studies to date, Murphy, Barkley, and Bush (2001) examined 105 adults with ADHD and 64 controls. The ADHD group had deficits on several measures of executive functioning.
On the other hand, relatively consistent findings have emerged in adults with ADHD regarding slow response speed and continuous performance task errors Gansler et al., 1998; Seidman et al., 1998) , all suggestive of difficulties in output regulation that may be related to vigilance, alertness, (Berger & Posner, 2000) , activation, effort, or other state regulation mechanisms (Sergeant et al., 1999) .
In all, several issues emerge from the existing literature on executive and related neurocognitive functioning in adults with ADHD. First, what accounts for the mixed findings on executive measures? Several explanations are possible, including (a) generally small sample sizes (most studies had n Ͻ 60 per group, and many had n Ͻ 40 per group), resulting in limited power to detect the potentially smaller effect sizes that might be expected in adults if they have partially compensated for their executive problems; (b) limited reliability of some executive measures, which might be addressed by a latent variable or factor-based approach (Kuntsi, Stevenson, Oosterlaan, & Sonuga-Barke, 2001 ); (c) effects may be present only in some domains of EF; and (d) comorbidity may explain positive findings. Indeed, specificity of effects to ADHD is a key question (Sergeant et al., 1999) , especially for adults (Gallagher & Blader, 2001) for whom executive functioning deficits may be a general marker of psychopathology. It is essential to clarify whether any deficits hold when major comorbid disorders are controlled either by exclusion or by covariance.
Second, ADHD as defined in the DSM-IV (American Psychiatric Association, 1994) is characterized by problems in two behavioral domains-inattention-disorganization and hyperactivityimpulsivity-leading DSM-IV to specify three behavioral subtypes: primarily inattentive (ADHD-I), primarily hyperactiveimpulsive (ADHD-H), and combined (ADHD-C). Yet, as children mature into adulthood, developmental changes in ADHD expression may occur, with reductions in overt hyperactivity but continued problems in organization and attention (Faraone et al., 2000) . As a result, theorists have begun to suggest that EF weakness may be particularly relevant to inattention-disorganization, rather than hyperactivity-impulsivity per se (e.g., Sonuga-Barke, 2002) . If so, executive deficits could be masked by failure to separately analyze these two partially separable behavioral domains. It appears to be theoretically important to clarify whether executive deficits, if present in adults with ADHD, are more strongly related to the inattentive-disorganization domain of problems rather than to hyperactivity-impulsivity. Whereas some initial studies of ratings data support this supposition (Nigg et al. 2002b ), studies of laboratory executive measures that address this question are few.
However, it is unclear that the DSM-IV subtypes of ADHD should be expected to be neuropsychologically distinguishable in adults. In childhood, these subtypes, especially the ADHD-C versus ADHD-I subtypes, have distinct external and clinical correlates (Milich et al., 2001) . Theories generally predict that executive dysfunction will be characteristic of the ADHD-C subtype and one study did show differences in subtypes on response inhibition in children (Nigg, Blaskey, Huang-Pollock, & Rappley, 2002a) . However, for the most part, the subtypes proposed in the DSM-IV have yielded ambiguous, limited, or at best partial neuropsychological distinctions in children (Chhabildas et al., 2001; Faraone, Biederman, Weber, & Russell, 1998; Hinshaw, Carte, Sami, Treuting, & Zupan, 2002; Klorman et al., 1999; Nigg et al., 2002a) , so it is unclear whether this distinction will be informative with regard to neuropsychological effects in adults (Dinn et al., 2001; Gansler et al., 1998; Murphy et al., 2001) . Indeed, from a developmental point of view, subtypes might not be preserved as validly distinct, because in adulthood symptoms change with maturation, placing more importance on inattentive symptoms as noted earlier. Crucially, then, many prior studies relied on the DSM-III-R (American Psychiatric Association, 1987) or on other definitions of ADHD, and few if any separately considered these two behavioral domains as currently conceptualized in the DSM-IV. We sought to clarify relations to the behavioral domains, considering subtypes a secondary focus.
Third, from a neuropsychological point of view, contemporary dual-process models stipulate that ADHD overall likely involves more than one distributed neural system from the broad set of systems involved in regulatory control (Berger & Posner, 2000; Sonuga-Barke, 2002; Nigg, Goldsmith, & Sachek, 2004) . One system is thought to be a frontal-striatal network involved in EFs, which provides for response inhibition-suppression, protection of working memory, focusing of attention, temporal organization of behavior, and related abilities and functions (Barkley, 1997; Berger & Posner, 2000; Pennington & Ozonoff, 1996; Posner & Peterson, 1990) . A second network is related to vigilance or alertness (Berger & Posner, 2000; Posner & Peterson, 1990; Sandson et al., 2000) or, in a related but somewhat alternative view, to activation (response readiness and preparation of motor output) or effort (Sergeant et al., 1999) . In either conception, the second weakness would be expected to result in difficulty mobilizing rapid responses, leading to slow response on rapid timed tasks. As we noted, this particular response profile is well recognized in children with ADHD and is now fairly well replicated in adults with ADHD. Broadly speaking then, when we consider a neuropsychological battery, we viewed it as essential to distinguish response or output speed (as an index of alertness, vigilance, or activation) from executive control per se (here intended to involve the four domains of set shifting, planning, response inhibition, and working memory; Pennington & Ozonoff, 1996) . However, we planned to empirically evaluate this approach.
Fourth, the nature of the EF construct has faced extensive discussion. Of particular interest in the field is whether it is best thought of as multicomponential only, or as also including a higher order executive ability that may be captured as a latent factor. Whereas there is considerable evidence for multicomponentiality as one aspect of EFs (Miyake, Friedman, Emerson, Witzki, & Howerter, 2000; Murphy et al., 2001; Pennington & Ozonoff, 1996) , a number of considerations also commend the possibility of a single latent ability that may converge for at least a substantial subset of executive measures. Such measures have correlated positively and moderately in a number of studies (Delis, Kaplan, & Kramer, 2001; Hanes, Andrewes, Smith, & Pantelis, 1996) , although this is not always the case (Lowe & Rabbitt, 1998) , and many such tasks may all be impaired in those with frontal lobe injury (Duncan et al., 1997) . Use of composite or factor scores, if justified, may provide more robust and reliable indices of correlates to ADHD than individual measures, which can have varying reliability.
The present study sought to address the question of EFs in a relatively large and inclusive sample of ADHD adults using a broad clinical neuropsychological executive battery. Our conceptual model (a) viewed EFs as including multiple components, but as potentially including also a higher order general factor that would capture at least a substantial subset of the EF construct, and (b) anticipated a second cognitive domain, related to a vigilance network (Posner & Peterson, 1990) or state regulation (Sergeant et al., 1999) partially distinct from EFs and indexed by output speed. Our primary hypotheses were that (a) ADHD would be related to weaker performance on executive tasks and on a composite executive factor if one could be identified, and (b) that executive weakness would be specifically related to symptoms of inattention-disorganization rather than hyperactivity-impulsivity (Sonuga-Barke, 2002) . Secondarily, we evaluated ADHD subtype effects and potential gender differences (Katz et al., 1998) . The main results are presented without covarying IQ or comorbid disorders. However, to assure that results were not due to their shared overlap with EFs (Miller & Chapman, 2001) , we rechecked results after covarying IQ and comorbid disorders (i.e., antisocial personality disorder, substance dependence, and mood and anxiety disorders).
Method

Participants
Recruitment. We deliberately sought to recruit adults who met criteria for varying subtypes of ADHD to maximize variation in the two behavioral domains of interest and in order that secondary analyses could look at those effects. However, we were prepared to study the adult ADHD sample as a whole in view of both the relatively weak evidence for important subtype differences in neuropsychological performance, especially in adults, and our interest in the behavioral symptom domains. Prospective participants were recruited from the community via public advertisements and then evaluated in a standard multistage screening and diagnostic evaluation procedure. Separate advertisements were used to recruit possible ADHD participants (these ads asked for volunteers who had been told or believed they had difficulties with inattention, impulsivity, overactivity, ADD, or ADHD) and possible controls (which asked for volunteers in good health for a study of adult development). In the multistage screening procedure, prospective participants contacted the project office, at which point key rule outs were checked by telephone (ages 18 -40, no sensory-motor handicap, no neurological illness, and native English speaking). Eligible participants were then scheduled for the diagnostic visit wherein they completed semistructured clinical interviews. Assessment of ADHD symptoms by self and informant reports. Assessment of ADHD in adults requires retrospective assessment of their childhood ADHD status to establish childhood onset and inclusion of informant interviews to verify symptoms and impairment (Wender, Wolf, & Wasserstein, 2001) . A retrospective Kiddie Schedule for Affective Disorders and Schizophrenia (K-SADS; Puig-Antich & Ryan, 1986) was administered by a masters-level clinician after extensive training, following previously published procedures for assessing adults (Biederman et al., 1992; Biederman, Faraone, Keenan, Knee, & Tsuang, 1990) to assess their childhood ADHD, conduct disorder (CD), and oppositional defiant disorder (ODD) symptoms and impairment. Because self-report recall of these symptoms may lead to underreporting (Murphy & Barkley, 1996) , the same semistructured modules were administered to the participant and an informant who had known them as a child (usually a parent) to ensure cross-informant convergence. The informant reported on the participant's childhood behaviors via an ADHD rating scale and a retrospective K-SADS ADHD module adapted to be appropriate for an informant interview.
Current (adult) ADHD symptoms were assessed by self-report and by interview with a second informant, who knew the participant well currently (Wender et al., 2001) . We again used K-SADS ADHD questions worded appropriately for current adult symptoms following Biederman et al. (1992) . This interview was supplemented with the Barkley and Murphy (1998) Current ADHD Symptoms Rating Scale. To ensure that ADHD participants exceeded normative cutoffs for level of ADHD symptoms, participants also completed the Conners' Young Adult ADHD Rating Scale (Conners, Erhardt, & Sparrow, 1999 ), Achenbach's (1991) Young Adult Self-Report Scale, and the Brown (1996) Adult ADHD Rating Scale. The informant (usually a spouse or friend) completed the Conners peer rating as well as Barkley and Murphy peer ratings on adult symptoms, and a brief screen of antisocial behavior, drug and alcohol use. They also completed a structured interview about the target participant's current ADHD symptoms with the modified K-SADS for current symptoms. All informant interviews were conducted by telephone after appropriate consent procedures; informants were paid for their time.
Assessment of comorbid psychopathology. Comorbid Axis I disorders were assessed with the Structured Clinical Interview for DSM-IV Axis I Disorders (SCID-I; First, Spitzer, Gibbon, & Williams, 1995) administered by a trained masters-level clinician. Assessed were major depressive disorder, dysthymic disorder, bipolar disorder, substance abuse and dependence, psychotic symptoms, generalized anxiety disorder (GAD), posttraumatic stress disorder, obsessive-compulsive disorder, panic disorder, agoraphobia, simple phobia, social phobia, and eating disorders. Antisocial personality disorder and other personality disorders were assessed with the SCID-II. We covaried common comorbid conditions most likely to account for findings. Autistic disorder was screened by the clinician using added symptom questions and was a rule out.
Establishment of best estimate diagnosis for ADHD. A diagnostic team that included a licensed clinical social worker, a licensed clinical psychologist, and a board certified psychiatrist then arrived at a "best estimate" diagnosis (Faraone, 2000) as follows. Each team member independently reviewed all available information from SCID, K-SADS, and rating scales to arrive at a clinical judgment about ADHD present or absent, ADHD subtype, and comorbid disorders. Their rates of agreement were then computed for all cases that they reviewed (including cases that were eventually ruled ineligible for study participation), and then disagreements were conferenced to arrive at a consensus diagnosis. Agreement between the two primary clinicians on the team (the psychologist and the psychiatrist) for presence or absence of ADHD (any type) was satisfactory (k ϭ .80). Likewise, their agreement on ADHD subtype (combined, inattentive, or hyperactive) in childhood and adulthood was also adequate, ranging from k ϭ .74 to .85, with the exception of current ADHD-H, which had k ϭ .74 despite a high percentage of agreement (85%) due to its small n (14). Finally, the clinicians' interrater reliability for comorbid disorders was excellent (past major depression, k ϭ .96; any current anxiety disorder, k ϭ 0.98; antisocial personality disorder, k ϭ 0.93; substance or alcohol dependence, k ϭ 0.97).
Note that because no agreed upon criteria exist for ADHD in adults, the team followed DSM-IV criteria for children by requiring the same symptoms in adults but allowed the adult ADHD-residual category as well because it was allowed in earlier editions of the DSM. The DSM-IV criteria regarding comorbidity were carefully followed in all cases, however, so that although comorbid disorders were diagnosed when present, ADHD was not diagnosed if clinicians judged that symptoms were better explained by a co-occurring mood or other major disorder. This was intended to provide some control against obtaining a sample with extreme levels of comorbid disorders. Onset in childhood was required; however, to enhance validity in light of concern about the age of 7 onset criteria in retrospective assessments (Barkley & Biederman, 1997) , we operationalized this as a finding that two reporters (both participant and their retrospective informant) independently reported that the age of onset was age 12 or younger. Clinical interviewers rated and noted evidence of impairment when interviewing participants and their informants; the clinical team then required evidence of notable impairment for the ADHD diagnosis. Sixty-five percent of the ADHD sample reported that they had been previously diagnosed with or treated for ADHD as children or adolescents (agreement between self and reporter, k ϭ .91).
Exclusionary criteria. Potential participants were excluded from both groups if they had a current major depressive or manic-hypomanic episode, current substance dependence preventing sober testing, history of psychosis, history of autism, full-scale IQ (FSIQ) Ͻ75, history of head injury with loss of consciousness, sensory-motor handicap, neurological illness, native language not English, or currently prescribed antipsychotic, antidepressant, or anticonvulsant medications. For the control group, additional exclusions were antisocial or borderline personality disorder, past bipolar disorder, or a previously diagnosed learning disorder. Other psychiatric disorders were free to vary.
Medication washout. Participants prescribed psychostimulant medications (20% of the ADHD group; medications were Adderall, Ritalin, Concerta, and Focalin in this sample) were tested after a minimum of 24 hr (for short-acting preparations) to 48 hr washout (for long-acting preparations); actual mean washout time was 63.8 hr.
Final sample. Four hundred twenty-four adults passed initial screen and completed the screening rating scale and the diagnostic screen visit. The diagnostic procedures qualified 195 of them (46%) between the ages of 18 and 37 for the study, grouped into an ADHD group and a non-ADHD control group. Primary reasons for rule out after the initial screen were failure of self-informant convergence on symptoms, current major depression, or taking long-acting psychoactive medications that would affect neuropsychological test performance.
Neuropsychological Test Battery
Full Scale IQ was estimated with a five subtest short form of the Wechsler Adult Intelligence Scale (3rd. ed.; WAIS-III; Wechsler, 1997) : Picture Completion, Vocabulary, Similarities, Arithmetic, and Matrix Reasoning. Reading was assessed with the Wide Range Achievement Test (3rd. ed.; WRAT-III; Wilkinson, 1993) . The remainder of the battery was constructed to assess the EF construct, following the four component model suggested by Pennington and Ozohoff (1996) : set shifting, interference control, working memory and planning, and response inhibition. The tests were administered in the same fixed order to all participants.
Trail Making Test. The Trail Making Test (Trails) is a widely used, timed paper-and-pencil test consisting of two parts (Reitan, 1958) . Part A requires the participant to draw a line connecting numbered circles in sequential order. Part B requires the participant to draw a line connecting numbered and lettered circles in alternating sequential-alphabetical order. Scores on each part of the Trails test are determined by the time required to complete each trial. Whereas performance on Part A depends largely on psychomotor speed and visual search abilities, Part B places additional demands on the participant's working memory and cognitive flexibility by requiring the participant to maintain two mental sets and alternate between them (Arbuthnott & Frank, 2000) . We viewed Trails A time as a measure of motor speed. To index set shifting, we created a Trails B time residual score variable by regressing Trails B on Trails A. Individuals who have sustained frontal lobe damage show deficits on this task (Stuss et al., 2001) .
The Stroop Color-Word Test. The Stroop Test is widely used to measure the ability to shift attention and inhibit interfering information (MacLeod, 1991) . Participants are required to rapidly name a list of color words (blue, red, or green) in which the color of the text is incongruent with the word itself (Stroop, 1935) . Dorsolateral frontal lobe activity was increased during the incongruent color-word condition (Banich et al., 2000) . Word reading and color reading scores served as measures of output speed. The Stroop interference score used here was a residual score created by partialing word and color naming speed from the color-word raw score. The (raw) color-word score was not further analyzed.
Wisconsin Card Sorting Test (WCST).
The WCST is a widely used computer-administered task assessing working memory, concept formation, and set shifting (Heaton et al., 1993) . Up to 64 trials were administered in which the participant sorted cards on the basis of shifting criteria of color, shape, and number. The participant is not told how to sort the cards and instead must deduce the current correct principle with only the computer's feedback (correct or incorrect). Neuroimaging and other data associate difficulty on this task with injured or underactived prefrontal cortical regions (Wang, Kakigi, & Hoshiyama, 2001 ). We analyzed categories completed and perseverative errors as measures of EF. Because of their high correlation (r ϭ Ϫ.60), they were standardized and averaged (after reversing the categories score).
Logan Stop Task. The Stop Task is a dual-task computer paradigm to assess response suppression or inhibition in a rapid decision context. Procedures were the same as those used by Logan, Schachar, and Tannock (1997) . The computer screen displayed an X or an O on a black-and-white screen, and individuals were required to respond to these stimuli by pressing designated buttons labeled X and O as quickly as possible with their dominant hand. They were to withhold responding when they heard a tone. Four blocks of 64 trials were administered following two practice blocks of 32 trials each. We used the tracking version of the stop task, which provides the most valid estimates of stop signal reaction time (RT; Band, Van Der Molen, & Logan, 2003) . The time of the stop-signal tone was varied in a stochastic procedure to maintain accuracy at 50% so that stop-signal RT was computed as the difference between stop-signal delay and go speed (Logan, 1994) . Performance in adults involves right inferior frontal cortex and basal ganglia (Aron et al., 2003) . We calculated stopsignal RT, go RT, and variability of go reaction time (response variability) by averaging performances across the last three blocks of trials after cleaning data by the same procedures described by Nigg (1999) .
Tower of London (Colorado version; TOL) . The TOL is a computeradministered task (Davis & Keller, 2002 ) that assesses planning ability. Individuals were presented with 10 problems, in which they viewed the target arrangement and matched it by rearranging different colored balls on 3, 4, or 5 different size pegs. The initial starting position was displayed on the left, and the goal position was displayed on the right. Individuals used the computer mouse to move the balls, one at a time, from the starting position to match the final goal position in the fewest possible moves. This task activates prefrontal cortex and associated neural regions (Newman et al., 2003) . Total number of moves made was the outcome variable.
Data analysis. We planned to (a) examine our two-factor conception of the neuropsychological battery with confirmatory factor analysis, (b) examine ADHD main effects on the battery with multivariate analysis of variance (MANOVA), (c) examine subtype and then symptom domain effects with multiple regression, and (d) determine whether effects could be explained by a range of potential confounds and covariates. For MANOVA, we report the effect size partial eta-squared ( 2 ), which indicates the percentage of variance accounted for by a factor in an analysis of variance type of model (Cohen et al., 2003) . We preceded all of that by a check on outliers, missing data, and sample descriptive characteristics.
Results
Data Preparation and Variable Consolidation
Outliers and missing values. Extreme outliers (z Ն 4.00 and SD Ͼ 0.50 from next score) were truncated to within 0.50 standard deviations of the next nearest score to prevent undue influence of single scores on linear models and reduce Type I and Type II error (Wilcox et al., 1998) . This resulted in the adjustment of one score for Trails B (from z ϭ 4.90 to z ϭ 3.50) and one score for SSRT (from z ϭ 5.80 to z ϭ 3.60). Data were missing for 1.7% of the cognitive variables as a result of computer malfunction or examiner error, which occurred early in the project when ADHD particiapants were primarily being seen. Within the ADHD group, amount of missing neuropsychological scores (Cohen & Cohen, 1983) was not associated with behavioral symptoms or disorders. We imputed the few missing data points and covaried "amount of missingness" from all analyses (as recommended by Cohen & Cohen, 1983) to control for effects of data imputation. That covariate was not significant in those models and never altered results, so it is ignored in the present results. We imputed missing data by using the expectation maximization algorithm, which is one form of maximum likelihood estimation. Maximum likelihood imputation methods are generally viewed as superior to older alternatives such as listwise deletion or regression estimation (Shafer & Graham, 2002) because they preserve parameter estimates better than regression-based imputation (in our data, mean change in F with imputation was trivial at F ϭ 0.31) and avoid the biases introduced by listwise deletion.
Consolidation of Neuropsychological and Behavioral Measures
We planned our analyses in the following two steps: (a) an initial MANOVA to describe group differences on the neuropsychological battery as a whole, and (b) regression analyses to assess subtype and domain-specificity effects that use a composite score to represent the executive functioning and output speed constructs.
With regard to behavioral symptom scores, for the regression models, composite ADHD-symptom domain scores were created by averaging K-SADS symptom totals across the three informants for each participant (informants and probands by definition had some agreement on symptoms, so reliability of these composites was acceptable (Inattention: ␣ ϭ .93; Hyperactivity: ␣ ϭ .89).
To set the stage for evaluation of the subtype and domainspecific effects, we evaluated the fit of our a priori two-factor model of neuropsychological functioning (executive functioning and response or output speed) by using a confirmatory factor analysis (with AMOS software). Initial model fitting revealed that Stroop interference (residual score) and go RT from the stop task had poor loadings on either factor and so they were eliminated from the model, resulting in a significant improvement in fit, ⌬ 2 (15, N ϭ 195) ϭ 173.61, p Ͻ .05. Response variability, which we had initially assigned to the state-regulation factor, instead loaded on the EF factor. Forcing it to load on the speed factor resulted in a significant worsening of model fit and allowing it to load on both factors did not significantly improve fit. Dropping it entirely did not alter the two-factor solution. We therefore assigned it to the EF factor. This resulted in a model in which EF was indexed by Trails B-residual, stop RT, WCST (perseverative errors and categories composite), Tower total points, and response variability. The state regulation or Speed factor in turn was indexed by Trails A, Stroop word, and Stroop color naming. EF and Speed latent factors were permitted to correlate (as Figure 1 indicates, they correlated at .58). This model, which is shown in Figure 1 
Preliminary Sample Description and Check on Covariates
Demographic and descriptive characteristics of the ADHD and control samples are presented in Table 1 . Various rating-scale models of attention symptoms all showed marked elevations in our ADHD sample, indicating likely broad consensus on the validity of the ADHD assignments. Ethnic variation was closely similar to the surrounding community from which the sample was obtained. Parental household incomes were nearly identical in the two groups ( p Ͼ .80), indicating they came from similar socioeconomic backgrounds. Despite this and consistent with reports that individuals with ADHD tend not to attend or complete college (Murphy & Barkley, 1996) , ADHD individuals were more likely to be in the workforce or seeking work (67% vs. 56%) or attending community or technical college (16% vs. 7%), whereas controls were more likely to be attending university full time (32% vs. 16%, p Ͻ .05); controls thus had higher educational achievement overall. Covarying of this feature is debatable given that lower educational attainment is considered a hallmark consequence of ADHD (Barkley, 1998) . However, we checked all results after covarying education and student status, with no appreciable change in results, as noted later. Also consistent with the literature, personal incomes tended to be lower for the ADHD than for control individuals (nonstudents, M ϭ $21,300 vs. $29,400, p Ͻ .01). The group difference in FSIQ was not statistically significant, and covarying IQ may be inappropriate in ADHD studies because lower IQ in ADHD groups could be due to their EF weakness. Therefore, all of the results reported are without IQ covaried. However, to make sure that findings could not be explained by the association of IQ with EF, we also checked all results with IQ covaried as recommended by Murphy and Barkley (1996) ; any effects are noted in table footnotes later. The slight group differ- ence in age was not significant. Covarying age also did not affect results; it is ignored in result reporting.
The ADHD group included multiple subtypes, as intended by our broad sampling strategy. They can be described as follows, along with the clinician agreements on the following descriptors: (a) Persistent Inattentive (met criteria for ADHD-I as children and adults; n ϭ 26; k ϭ .84); (b) Persistent Combined (met criteria for ADHD-C as children and adults; n ϭ 28; k ϭ .83); (c) Persistent Hyperactive (met criteria for ADHD-H as children and adults; n ϭ 5; k ϭ .74); (d) Inconsistent Subtype (met criteria for ADHD-H, ADHD-C, or ADHD-I as children but for a different subtype as an adult; n ϭ 21; k ϭ .76); (e) Residual ADHD (met criteria for ADHD-H, ADHD-C, or ADHD-I as children, as adults fell short of full criteria but continued to have symptoms with marked impairment; American Psychiatric Association, 1987; n ϭ 25; k ϭ .89). Effects of subtype were evaluated selectively in statistical models later.
Comorbid conditions in the ADHD and control group are presented in Table 1 . As expected, the ADHD group had more substance abuse and mood disorder than did controls, but rates were still relatively modest, again consistent with an ADHD sample for whom problems were not able to be better explained by a co-occurring psychiatric condition, as required in the DSM-IV (American Psychiatric Association, 1994). Likewise, antisocial personality disorder was rare in this sample, but the ADHD group had significantly more antisocial symptoms and behaviors than did controls.
An initial check on gender effects revealed no Group (i.e., ADHD vs. control) ϫ Gender interaction in the omnibus MANOVA on neuropsychological scores, F ϭ 1.11, p ϭ .36, but gender differences in task performance approached significance, F ϭ 1.81, p ϭ .06. We therefore retained gender as a covariate in all between-groups analyses, in view of the group differences in gender ratios. As a final preliminary overview of the data, we present in Table 2 the zero-order correlations between (a) the neuropsychological scores (note that Stroop variables have been reversed so that all neuropsychological scores have the same valence, with high scores indicating poor performance); (b) the composite EF and output speed scores; and (c) the composite ADHD-symptom domains (recall that these are composites of all reporters on the K-SADS). We noted that the correlation between the composite EF and Speed scores was .34 ( p Ͻ .01). Table 2 indicates that the speed factor is correlated in opposite directions with inattention-disorganization (r ϭ .19, p Ͻ .05) and hyperactivity-impulsivity (r ϭ Ϫ.05, p ϭ ns) although the latter was nonsignificant.
Is ADHD in Adulthood Associated with Overall Neuropsychological Deficit on Executive Functioning and Speed Measures?
A MANOVA was computed on the Neuropsychological Measures ϫ Diagnosis (ADHD vs. non-ADHD) with gender covaried. The omnibus effect was significant, F(11, 171) ϭ 2.35, p ϭ .015, 2 ϭ .125. Between-subjects effects for diagnosis, as presented in Table 3 , showed significant group effects for Trails-residual, Stroop color, stop RT, go RT variability, and WCST categories. The ADHD effect remained significant after covarying FSIQ, F ϭ To better isolate EFs, the MANOVA was repeated including only those neuropsychological tests from the EF composite score (Trails-residual, stop RT, response variability, WCST categories and perseverative errors, and TOL), as well as Stroop interference (residual), given its widespread use as an executive measure. The omnibus ADHD diagnosis effect was significant, F ϭ 3.53, p ϭ .003, 2 ϭ .12, with gender covaried (gender main effect was nonsignificant at p ϭ .38 for this subset of variables ). The same individual tests remained significant as in our initial MANOVA analysis as presented in Table 3 . Covarying major depressive disorder, antisocial personality disorder symptoms, anxiety disorder, or lifetime substance dependence did not alter the effect of ADHD diagnosis, F ϭ 2.64, p Ͻ .05, 2 ϭ .10; results again were essentially unchanged after covarying IQ, F ϭ 2.79, p Ͻ .01, 2 ϭ .10, education level, or student status, F ϭ 3.04, p Ͻ .01, 2 ϭ .11. Thus, these relatively robust ADHD effects were not explained by comorbid psychiatric disorders in the ADHD group or other covariates.
Are Neuropsychological Effects Carried by the ADHD Combined Type?
Given the broad definition of ADHD used in our ADHD sample, it was important to determine whether deficits in task performance could be attributed to the group as a whole or whether they were only accounted for by those participants with ADHD who met criteria for the most severe subtype. Neuropsychological theories of child ADHD suggest that executive type deficits are primarily expected in ADHD-C (Barkley, 1997) . However, that has been difficult to demonstrate in children due to similar deficits in other subtypes (Hinshaw et al., 2002) and it is unclear theoretically whether one would expect this differentiation to emerge in adults in any case (Faraone et al., 2000; Murphy et al., 2001) .
We tested this effect in regression analyses in which the criterion variable was the EF composite score by using orthogonal contrast codes to determine whether effects were carried by ADHD generally or by ADHD-C subtype. Participant gender was covaried in all models (Gender ϫ Contrast interactions were never significant and are omitted from further discussion). In the first model, Contrast 1 compared ADHD with controls, and Contrast 2 compared ADHD-C (in childhood, in adulthood, or both; n ϭ 55) with the remaining ADHD participants (n ϭ 50). The EF composite score was regressed onto gender, Contrast 1, and Contrast 2. The regression model was significant, F ϭ 4.67, p Ͻ .01, R 2 ϭ 0.068. However, only Contrast 1, comparing ADHD participants with controls, was significant (␤ ϭ Ϫ0.27, p Ͻ .001). Contrast 2 had a trivial effect that was not statistically significant (␤ ϭ Ϫ0.004, p ϭ .96). This model was repeated with a revised Contrast 2, comparing only persistent ADHD-C (childhood and adulthood, n ϭ 28) to the remaining ADHD sample. The overall regression model was significant, F ϭ 4.95, p Ͻ .01, R 2 ϭ 0.072. Again, Contrast 1 reached statistical significance (␤ ϭ Ϫ.30, p Ͻ .001) and Contrast 2 did not (␤ ϭ .066, p ϭ .38). These results suggest that the EF weakness observed in the ADHD group was not carried solely by those with combined-type ADHD. Finally, we compared those who had partially improved (residual ADHD, plus those with ADHD-C in childhood but ADHD-I or ADHD-H in adulthood) versus the others. The ADHD main effect ( p Ͻ .01) but not the subtype effect ( p ϭ .26) was again significant.
Are EF Weaknesses Specific to the InattentiveDisorganized Symptom Cluster?
To address the question of whether there are differential relations of ADHD symptom domains to EF and Speed, regression analyses were conducted with the composite variables for these constructs as criterion variables, and inattentive-disorganized symptoms (I-D) and hyperactive-impulsive symptoms (H-I) as predictor variables (recall that these were reliable composites of all reporters across adulthood and childhood). This approach makes symptoms a predictor instead of an outcome, as recommended by methodologists and followed by Nigg et al. (1998) so as to best evaluate specificity of psychopathological domains to particular correlates. These models used the entire sample of 195, although the same result held within the diagnosed ADHD group. As presented in Table 4 , results indicated that only I-D was uniquely related to EF, F ϭ 8.03, p Ͻ .01, R 2 ϭ .07, whereas both I-D and H-I were related to Speed, F ϭ 12.27, p Ͻ .01, R 2 ϭ .12. However, H-I and I-D symptom domains were related to Speed in opposite directions: H-I was related to faster output speed (consistent with impulsive response), whereas I-D was related to slower performance (consistent with underaroused response).
Results were essentially unchanged when the model was changed to exclude response variability, as well as when it was altered to include major depressive disorder, any current anxiety disorder, symptoms of antisocial personality disorder, and lifetime history of substance dependence (see Table 4 ). When reading disorder (defined in Table 1 footnote) was covaried, these effects remained unchanged; reading disorder was related to processing speed (␤ ϭ 0.15, p Ͻ .05), but not to EF (␤ ϭ 0.09, p ϭ .22). Finally, when ADHD symptom domains were separated according to developmental presentation (i.e., childhood ratings only or adult symptoms only entered into the model instead of the lifetime composite), the pattern of results remained unchanged.
Finally, to evaluate further the amount of variance in ADHD symptoms explained by the two composite neuropsychological scores as well as to evaluate whether they contributed additively to ADHD symptoms when they served as independent rather than dependent variables, we conducted further secondary checks. First, we analyzed regression models in which ADHD symptom domains (inattention, hyperactive-impulsive, and total) served as the outcome, and the EF and Speed composites were the predictors. These results revealed that EF carried the variance in these models (␤ ϭ .24, p Ͻ .01, in both models), and that Speed failed to add value (ns in both models). The two variables together explained 9% of the variance in inattention and 5% of the variance in hyperactivity-impulsivity. That result confirmed the importance of EF in relation to ADHD symptoms but did not clarify the contribution of the two cognitive domains to different groups or types of ADHD. To evaluate this latter question, we revisited our subtype regression model, in which we divided the groups into ever ADHD-C (n ϭ 55) and other ADHD (n ϭ 50) along with controls (n ϭ 90). We coded these groups into a 3-level categorical dependent variable and conducted a polytomous logistic regression analysis with EF and Speed composites as the predictors. This analysis compared each group with the control group (which served here as the reference group), and generated beta coefficients reflecting the degree to which being in the different ADHD groups was predicted by the EF and Speed composite variables. We interpreted statistically significant Wald statistics from this analysis as evidence for prediction of group membership by the cognitive variables (see P. Cohen et al., 2003 , for a description of polytomous regression). This analysis revealed that membership in the ADHD-C type group was predicted by poor EF (␤ ϭ .87, SE ϭ .33, p Ͻ .01) but not by slow response speed (␤ ϭ Ϫ.01, SE ϭ .24, p ϭ ns). In contrast, membership in the other ADHD group was predicted by slow response speed (␤ ϭ .50, SE ϭ .25, p Ͻ .05) but not by poor EF (␤ ϭ .65, SE ϭ .34, p ϭ .06). Because the latter effect was marginal ( p ϭ .06), in a final check on the role of fast as opposed to slow responding, we noted that the 5 participants with ADHD who had persistent hyperactive type (see Method) were the only group to respond faster than the control group. When those 5 individuals were excluded, the prediction for the other ADHD group was even more clearly related to slow response speed (␤ ϭ .68, SE ϭ .27, p Ͻ .05) and not to EF (␤ ϭ .56, SE ϭ .35, ns) in the polytomous model logistic regression model.
Discussion
Despite the recent contributions to the field of over a dozen studies of neuropsychological functioning in adults with ADHD, consensus as to EF deficits in ADHD has been difficult to achieve. The present study, through the use of a larger sample than in most initial reports in this age range, identified clear deficits in executive functioning in the ADHD adult sample across several key measures and on an aggregate composite EF factor validated by confirmatory factor analysis. Furthermore, this EF deficit was largely related to symptoms of inattention-disorganization but not to hyperactivity-impulsivity in a test of recent dual-process models of ADHD (Sonuga-Barke, 2002) . Finally, also partially consistent with such models (Berger & Posner, 2000) , Speed emerged as a partially distinct neuropsychological factor that was related to both ADHD symptom domains, although in opposite directions. Results were independent of IQ, comorbid psychiatric disorders, gender, and ADHD subtype. We consider each of these points in turn.
First, we consider the basic finding of EF weaknesses in ADHD. Our findings confirm those of Lovejoy et al. (1999) and Murphy et al. (2001) and, in some respects, those of Seidman et al. (1998) , who concluded that adults with ADHD had important weaknesses in EF functioning. In the most comparable study to ours, Murphy et al. (2001) found a composite EF weakness in a sample of adults with no subtype effects observed. The confirmation of these results with the DSM-IV criteria, in a relatively large sample, and using a composite-factor approach lends credence to the theory that EF weakness is important in adult ADHD and that the adult syndrome may share important neurocognitive features with the syndrome in childhood, adding to its conceptual validity. It is important to note that we were careful both to define ADHD in such a way that symptoms could not be explained better by a comorbid condition and to covary coexisting psychiatric disorders when they were diagnosed along with primary ADHD. Our omnibus MANOVA effect of executive and neuropsychological weakness in the ADHD sample was not explained by comorbid antisocial symptoms (nor by antisocial personality disorder, which was rare in this sample), current anxiety disorders, lifetime mood disorder, history of alcohol or drug dependence, or reading disability. Thus, even though these other conditions may also somewhat impair executive functioning, the deficits observed here were also specific to ADHD with those other conditions controlled or excluded.
Second, the isolation of EF deficits to the behavioral domain of inattention-disorganization but not hyperactivity-impulsivity, provides needed validation data for recent two-factor theories of ADHD. For example, Sonuga-Barke (2002) has suggested that executive deficits contribute primarily to symptoms of inattentiondisorganization and that problems in reward-response contribute primarily to symptoms of hyperactivity-impulsivity. The present study evaluated the element of those models that links executive dysfunction with the inattention-disorganization domain. This prediction has been rarely evaluated empirically, and, to our knowledge, it has not been previously tested in adults, with most studies reporting on ADHD in aggregate. We found support for that prediction, supporting the dual-process model. This supposition also is consistent with findings that the Inattention domain, but not the Hyperactivity domain, is uniquely related to the personality domain of Conscientiousness-Constraint in adulthood (Nigg et al., 2002b) , which is thought to be related to the same neural circuits involved in executive control (Nigg et al., 2001) . Our findings also echo a recent finding in children (Chhabildas et al., 2001 ) regarding this two-process conception of symptom domains and cognitive functions. Such findings should give added impetus to such two-factor theories and suggest that they may be able to be extended into adulthood. Indeed, such conceptions may be especially important in the early adult developmental period; when neural maturation is completed, hyperactive-impulsive behaviors tend to become less prominent, and impairment may be relatively more dependent on persisting problems with inattention and disorganization (Barkley, 1998) . However, it should be noted that the effect did not hold when the model was reversed (only EF predicted inattention and hyperactivity). Even so, EF and Speed were differentially related to ADHD subgroups in the logistic regression analysis, with the combined type characterized by poor EF and the other group by slow response speed. Thus, although EF and Speed may contribute to different groups of individuals with ADHD, the theory may need to be modified to indicate that EF contributes primarily to the combined subtype, and slow speed, perhaps related to sluggish cognitive tempo, may contribute to other types. Finally, we noted a negative relation of speed to hyperactivity when inattention was partialed. That effect may reflect a small subgroup that may have excess response speed; that group may be a hyper-as opposed to hypoaroused group (see Clark, Barry, McCarthy, & Selikowitz, 2001 for related conclusions).
Third, the conception that at least two neurocognitive mechanisms are involved in ADHD (Berger & Posner, 2000) , one in the more pure executive domain and one in a speed domain related to alertness or activation, gained support in our data. The two factor organization of the neuropsychological scores fit the data very well, and these two factors showed differential relations to the ADHD symptom domains. However, several caveats were noted for the Speed factor. Inattention was related to slower response, consistent with an underarousal effect. Hyperactivity-impulsivity was related to faster response speed but only when inattention was partialed, consistent with impulsive response and also with an overarousal response in a subgroup (Clarke et al., 2001) .
Another caveat was that response variability did not load on the Speed factor as expected, but instead loaded with EF. This rendered our EF factor slightly different than the intended conceptual model. Indeed, the conceptual structure of the EF domain has received extensive discussion and warrants comment here as well. Whereas EF is usually viewed as a multicomponent domain, a position we view as reasonable, the possibility that a general factor may account for a significant portion of the ability shared across many executive tasks has been widely discussed. We found some support for that possibility and used that result to create a composite variable with which to simplify our regression models testing symptom-domain effects. However, the inclusion of variability in the model, although empirically sound, was not consistent with the conceptual EF model. We retained the empirical model to maximize the power of our analyses. It is important to note that results were unchanged if we excluded variability from this factor (the two-factor solution still fit the data well, and the primary regression findings showing that EF was specific to inattentive symptoms still held). We also note that others have used batteries with more working memory representation (e.g., Murphy et al., 2001) . We had limited coverage of the working memory domain in our battery, and may have found two EF factors if we had more working memory measures. A full examination of the structure of EF measures obviously would benefit from even larger samples and more measures of EF. The main point for our study was that when a single latent factor was pulled from the EF domain, it was associated uniquely with inattentiondisorganization but not hyperactivity-impulsivity when both were entered as predictors.
Several other limitations should be recognized. Although the sample size for two-group comparisons made this one of the largest studies of adult DSM-IV ADHD disorder to be yet reported, our ADHD sample was diverse. This limited our ability to powerfully test subtype differences. However, those effects when tested were small and not close to being significant and help to support the broader clinical generalizability of these results to adults with ADHD disorder in general. This is important because validity and definition of subtypes in adults is still not established. Further work is needed to evaluate subtypes, but the findings here establish EF as a correlate of ADHD in adults. The ADHD group was relatively well functioning, with 16% in college, an average to slightly above average group IQ, and low rates of antisocial personality disorder, yet still showed executive deficits relative to controls; these were not accounted for by IQ or by better educational attainment in the control group. Our community-based sampling was done in a region (central Michigan) in which 38.7% of adults between the ages of 18 and 40 are in college or graduate school, so the fact that we had substantial representation of college students was not surprising and indicated we adequately sampled the local population. Nonetheless, the proportion of students in the samples is higher than in the general national population, and this may limit generalizability. Also, our sample may have been higher functioning than some prospective samples, in that about 35% reported not having been diagnosed before (although all reported impairing symptoms and full criteria met from childhood, confirmed by informant report). Groups differed in gender ratios; however, gender was covaried in all analyses so this gender difference did not explain any results reported. Finally, we did not include a psychiatric comparison group by which to formally test specificity of effects to ADHD. Indeed, EF should be affected secondarily by other conditions, including active mood disorders (Gallagher & Blader, 2001 ). However, we were able to show that the ADHD executive deficit observed here was not explained by major comorbid conditions.
In conclusion, these data indicate that executive functioning is weakened in ADHD in young adulthood, similar to what is observed in children with ADHD. These findings support the validity of the syndrome of ADHD in adults and support consideration of executive functioning in theories of the syndrome's persistence and expression in adulthood. The data further suggest that the contribution of executive functioning to ADHD in adults is particularly important in the symptom domain of inattentiondisorganization. This finding may be consistent with dual-process models of ADHD, which attempt to account for etiology via multiple pathways of neuropsychological dysfunction.
